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(54) [g6m<D%m W&S i/S 1 Ge^DDKBHSflMf 5CMOS r 7>^X^ffl<Z>««ii 



(57) [4#fFlf^^®iH] 

[M**i] nl«ffa*h7y^^tpl«ffa* 

Ge#^x#0. 5(7)Iltfc^, fiiJfB 

s«±^*tr^^^^/^ja$nfc*icc>a?ps i i- x 

— i i-xG e x Jg£ , 

mum 2(om±.\z=z- tnzfg 3 <d& k 

— i i- x G e x Sh 



y<7 



S i i- x Ge x gi, 

Ge»$y^O. 54^11. O^lt'fc!), y-x 
#0. 2 J: 19 < , ^r^(cJ;or, ff«t>-r^^^: 

16 OS i i- y G e y Ji<£:, 

S i i- x G G x J§t, 



3 

inxmi) sfec piMW^>^^w 

& 6 <7> JB fe MIESS 8 OH:I5 p tf £ £ £ 

[«3R3S5] Sfete, ^>^< <Jr t>#JfEm_6coJiJcpMco 
!S#JI3lcl5«^JI*i£ 0 

* tr £ £ £ 4# 8* * IS * « 4_ |5» cog * i£ e 
I»**7] £feC ni«ff«*h7^^«:»fil 

-rs^c 4 1 i o^y- htconfldine 

[lf^8] £ feC d>*< fct>1WlB»4 0Ji*Cnfi*> 

[»*JR10] £feC nllMFyy^^^ 
£feC CMOSf^3®lHl£S^^|S:-f 5fc 

#c imiBy-h««, twie p shs«, fc^w^tanM 

[0 0 0 1] 

[■»±o«J«»»] fl*M«*8 (uls 

— :r*l#^£ LTSi^^n-SiiS^tM^pM^^l/nMm 
[0 0 0 2 ] 

M^rMtS S i - CMO Sv'^^^^ttlBffilJbtt, 

s i ^<z>#»*a*ig;v^ £t*fc5 0 o. 

-f^rt, e^t*-^- yy/77*fcttx«yy^77 



(2) WW— 2 9 9 4 2 2 7 

£feC **>«ST?tt, ^^ftffif*, L#^fflm 

Stt-ft^^ASraKR-rttli, CMOS^-jgffl 
i^itSo 0. 2 5^py(0^hfit*, 0. 15 
=• ?pv<£>S i -CMO S^SS(H^tttB*fctt-tnJ: 9 

4 (aoty- h r 4: j6«t-* St feix 

So 

70 [ 0 0 0 3 ] S i att{:E®t6TO^r A^'l 
12, rGermaniura Channel Silicon MOSFETj bM'tZ, 
*HJ«AfcBl«t*nfc, i99i¥5fl2 8 0l:«ftS 
nfc*i1*ff»5 0 1 9 8 8 2*t£ffi*£*LT^£ 0 * 

nwfpms oi 9 8 8 2-^r-tt, ftii^nfc*-^ y7g 
jib, a«ft{E«««ffi«**fffe*5^t+»tt»s 

[0 0 0 4 ] 1 9 9 2¥lO^13 0l:»fT*nt*i 
Wf^ms 1 5 5 5 7 l^T'd l>"f 
f h 7 Vv>^ ^^|2t^nr^So *® 

#^15 1 5 5 5 7 1 ^11 nl0t>f^tfcGex 

5 i l-xS&pS h7^^^lc«lt, ttlUo 

^ISlC-g^^tv' y 3 y CMO S h7V^ 

#*ja*iE«$*tr^«. £fec thftttsiSfc 

il/GeSi i^fPG e x S i i- x S:4e;H IT 

n I h 5 ^ f Off 

SrftfflLt pi h 7>iSx*<p<niEJl®W}&£m*:£-& 

fc«iiSH k-:/«* h7 v^^^^iaa^nrt^ 

So plh7^^ffl^««^nlh7y^^|0 
**tt, ^n^nftttSWiS^fe^SS^-t^^Sr^tpJBU 

[0005] 1988^12^160 tC38*T 2 frfc*^ 
BS63-308966 (a) ^\Zlt, ^^^fjo 

[0 0 0 6 ] 199lf4fl90|C«ff$nt*Ift?f 
I5 0 0 6 9 l2ft1i, ^"'J =r V • • ^< 

^§rft5^7a^/^^7 ■ h7^ 
^^t5«^i^Tv^So h7^^i?»Stt«l«l4, 



5 

$/ htfcfcfc-fj; 5fcfc<ot**><5. *^t>r^^>*J 
^ !) 3 > • -^/^ # a • — ^ S co tfju-? ~ $ 

[0007] y r#»i4&*u iUiiiMl^iSL 

^m#S(jS: h7 V^**<Z)ft&O0iJte, 1 9 9 3^8^3 
1 0iCl«ff Stlfc*H»«F»5 2 4 1 1 9 7 -S-iC|B«$ 
ntt^. ^H^fF^S 2 4 1 1 9 Vfr'?- 

[0 0 0 8 ] 

[»M3ftS**LJ:5^'»-6liJBl B WIS* n 

So 

[o o o 9] ^an^antt, 

[0 0 1 0 ] #Sgf£<7>ttl<7)g|fti*, pit M 

5 p Mt*^ -f * £«tfc-T 6 £ £ X *> Z> o 
[0011] *&W<Dfo<Dn&)\$, tttlEK&&\ZX> s 

[0012] {&y-* • pwy 

ft i £ 6 n If/^ ^feiVpfr/W^* 

[0013] *«|(DttOg«li, m^-irlETLoM^tc 

[0 0 14] #S8E<&ffi©lfttt, iH^>:fil«ft^*«) 40 

r<g;< . ^s>^ • tf 5/ hati 0 0 omy c 

I0 0 15]*38S©fiO@«li, niiffMh7y 
■ [0 0 161*««^I«IS, nS^^^Ot* 



2 9 9 4 2 2 7. 

e 

[0 0 1 7 ] 

&&t, Ge#^xtf*0. 2 0fe^L0. 5 (D^MXh 

S«±^3itf^ae^^/u»fi)£SnfcJBi ottftS i 

I2^n K-^S i i- x Ge x i^ 9S 2 ±.\Z^£? 
*4^!)3y]iSfcttSii- z Ge z i^ m4(7)ji_h 

td3ifcr^^^-y/^ja$nfc»5 toasis i i- x g e x /g 

Ge^$y^0. 5&1>L1. 0<F>m^Xh*) . y 
gtfS, IS 6 CDS i i- y G e y /f£ , Sg6 CO/f J^o:^ 

x>iTfriiLizftEEmx}ir&&mm^te\i^g?) , o. 20 

MWfc. p IS^^rM Up h^y^^i 

t pi h9V^^S:fflI»»lTCMOS» 

[0 0 1 8] **!BSSfefc. ^(*SS^, Ge#^ 
x^0. 20^^10. 5C0^fflT-#>S, S^iiiCoit:' 
^^•^•ryU^^S*tt*:»loaiPS i i-xGB x it G 
e^^y^O. Sftlr^Ll. 0CDteHT*&>!?, y~x^ 
0. 2J:D t>*§<, /£*U£«fcoT, J£^t>-f^^rg 
tf, *0>j^», JE^KCMbtlS, 1 2(DSii- y 



(4) 

T 

;«^ntSlcolftSii- x Ge x I(}:, I 
(:xt7^rv't«^il/:f2 0n K-^S i i- x G 

<Ot$ Y--f S i i- x G Q X Mt. G e #3* z 3 (OMh 

-It1 ] <?)* : f»llS3&«3 0 OKT'2 0 0 0 cmVv 
s ^^12 5 0 0 cmVv s Oftffl^.fcSnSSiiSfi 

'J ^VBSfcttS i i- z Ge z ih »4<Dlii;M$ /<? 
[0 0 2 0 ] 

[XKW] Hffi*r#Ha-*-Sfc, 011*, CMOS 

h7^^^^ 1 0*5J:tM l<7>5pBBI2l*r^+o CMOS 
<{ 9 ^jn&««fBlK«:B 5 \z.73k-t 0 

[0 0 2 1 ] I«h7^^10il nlttiSO ^ 

1 712, &jst?t>, piffle K-er^yL#y =» 
v 5 ^^ i o ^sxni i I*, fd£*j2, v"L> ^ y^t), y 

0 12, EASftfcBft* (SIMOX) \Z£ 

oT#$!£;ixS, ^AfJ;t\ S«2 0I2, 02(^ 

^fPM2 2^ft6 e 7 P l/-t-^7Pt^2 2 
12, tallica: tf^ v^Xfo K> , W*tiLf&X~ Z> 

2 2_L<7}lH3flJl2 4 12, ^td^b^il, ±3j5^®2 5 

[0 0 2 2] h 7 > is* 9 1 0 *5 X XI 1 1 S:H 40 

h7>^^lr^bt:ItK2 0± 
\C?rm-fZ> Zt&X$ £ 0 ^ 2 Kf*m^L 
2 3.d»fej*.5^U"— f • ^^P#it2 212, t^t^i 

oTM/>f2 8^t5Cli4^a^ S23(^) 50 



4*W=- 2 9 9 4 2 2 7 
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m^it^s^m^mm^-r^^ t&x$% h ^f2 
%m*m&$itzittf>\z-mt<r * it* z<nmm.ft2 9 

[0 0 2 3 ] H2I2> HlC0«2-2^fa v o^ir®lir' 
*>6o DifcJ:y { 2lC/TLtJ: ?{C, S«2 0«*JbHS* 

34, 36, 38, 32, 40, 30, 42, *5j;tf4 
Afrh&Z>~f\s— t ■ ^7P«i|2 2^M^tlTP 
6o • ^xP*i£2 2_bMI2, y— ht*16 

*5J:V1 7ffloy- httfbft& LT«fi-f £« 2 4 3&^*> 

U £ t, Mitt* £ :7V— 
D«^2 2T*I2, U>T**«fflLT^/<>f;fcOtetB*ft 

-ttet>%, pIM»^7^^utfc 
{2 P MO S 7*'*^ X t , niiM^y^^ll 

12, i$t^^Dysi-CMOStol(^f?,!l 
[0 0 2 4] i -MOS8&<£>£ 5* k— evy 

-ei2ft<, -j- • ^TP«at 2 2(ow^og(DT>-r 

1 0 *5J:tfnMS#»* h7^^ 1 l^Um 
2TM2, 0. 3Vft^L0. 5 V«)BI©»*ttftL* 
T, nlWa* h 7 ^ ■ ^ h«* 1 6 pi 

m^^: h7^^ • hmmi 7cor^^^i^^(c: 

J:t/ P iWMh7^^^ l l (7) h^>-^3>-y^ 
5o n St#a* h 7 ^ *5 J: p h 7 

i/i/x#<n>m*mt h7^pvy^^ii 

17CJ: t?ifi^«3 0 M&S^U— ^ - ^7^n«jg2 2 

[ 0 0 2 5 ] B2*r#SBfS£, ^"f, Gel^2 0 
%^Pt5 0%^ISST^5^0S iGe/^7713 



(5) 

7ri34liftS), K-^y^^lT^WKcts^ 

[0 0 2 6 J i!3 4&^j&L7c$:, /I 3 4 OlfSG^fcte 

^14 ^TT- 1 c m~ 2 fc^ L 2 X 1 0 12 c m" 2 0^ir* 
13, mmiz.s<*~-i<<4k£tiT^x?\z£^XBj&i- 6^ 

KP-fy^Of|{aSl3 4 £fcf3S£2 0 

[0 0 2 7 ] m 3 4 £7£j&Lfc$:, 

^^fcl^ j e(Difi< l^, ff3d*l 0 0 nmftl^LZ 0 0 n 
m^l^nIHi2 7Wl*tl)o niW2 7£0^ 

£>TT1 cm~ 2 fr^L2X 1 0 12 c m" 2 (D|gHT^6o 

KW ^«AO|H»i*>4JB 3 4£fctt£«2 O^r^^m 

10 0 2 8] 3l^9T>-f^££tf 6S iJi^fcttS i 
1- Z G e z M 3 2^0«^-»»ja«#*L^fc^^^5*a^ 

[0 0 2 9] m^^t^IE^P^^^bAx^CO^, * 

H2TMiJB3 4T-&5/I<D^g,mj£iC 
J:oT^^h5 e m^^^^/^m 3 213, GeEM 

t>-f#-£§tf5^, jETL^-y^JB 3 0 13, GeJBAd*- 

[0030] g36^(0 K— ^> h&S iM32^b» 
iLT!3 2tc*3l^TWS^»SSrj|«»-t-^fc«)^, 
n K-^« 3 6±"C»^»?D# K — i G e«3 8£ 
/£;g:£i2r5e 8 3 813, 0nm^L4nmO»B«)I 
So §IS!?t>1"**r3:tf, nS« 
#M h 7 If f ^/^ trf< S iff 

ttzttS i i_ 2 G e z l3 2^^ 3 8 ± t*fifeg £ S „ S 

i S i i- z Ge z |3 2 _hri$l/\gfp S iGei 5(7 



4#tf- 2 9 9 4 2 2 7 
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4 0&J&g£-£5o A 3 8*53:0*4 0f3, yyU-v~£^ 

#2 o%ft^i5 o ny^y^^ 

IIS i HGe z |3 2l£5l5S«?t>-f SiGe 
A 3 8£>£U<4 0*mv-tZo 

[ 0 0 3 1 ] plWMh^^^iOpSf^ 
;^LT«<, ffi«|{>-f^£§:tf3 S iGe!30^I 
4 0_bTjS;fi£-fr5. jf3 0lC*5^T, y;U-^^r>^cD 

13, 8 0%T-£l^o 
[ 0 0 3 2 ] ft»KH«Ttt, S3 0 13, SrtTfcl&£ 
fttt<bK, /<y7rl 3 4K<fc 9&^SOT«ST-<£>$j 
0. 7 5G efrbs M<^±MX*<Dlfy0. 5Gett*> 

[0 0 3 3 ] ttaffvaft S i G e S 4 2 &J| 3 0 ±t? 
M^t^o H42J3. !4 0i:{?lCiMft5^i: 

5£?tc, ^^3^^^^1444:11421^* 
5 nm&^U 1 0 nm<DW.£ (DUmifr -< MM 
2 4^'Jny4 4ilWlt5o r«{fc^r^*JB2 

4 13, WffiSRIMfc&ftffl IT6 0 0°CftV^L 7 0 0°C 

U 6 13, SM0Ot3^7>£-$> sjit-£> 

13, ^iBl^Pt^^O. 1 ^ny/^^LO. 
Wot, «at5:W^5. 

[ 0 0 3 4 ] M 3 03oJ;tf3 2 13, 3nm^^L7nm 
<D&m<om£&^-fZ>^bftT~ZZ> Q MS 0 ^13 2<K> 
^^4 013, 0 nmi^L 5 n m<O^K<0/¥£ 

5 5. 13 6, 3 8, 4 213, 3nm&t^L 
5 nm^JBSH^ff Z t&X^Z* is D = >M 
4413, 0. 5nmft^Ll. 5nm^)»i^f 
tS^ir^^S, S4 4f3, ftfSI^, n^x^' 

[0035] 5mK>thi*frZ%:<i6$ i ^fcf3S i i- 2 
Gez^SiGeilCMU ffi»t>-f*4:S:tf 
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SS i G eJB SrttfPS i £jfcl2S i GeiWgjS+Sr. 
£2*"C#*U;£, S i m$1Z\*S i i- z G e z Ji 3 2 £ S i 
G e ft 3 0 OH*Ofi»#*5 J;t/««^«S:*L< Kft 
SiI^fcliSii- 2 Ge 2 l3 2 

ri3, 5l«0l>-f3MOTT, McW<nKMffiT&&mft&- 

5«-^tt, i • nIft^/H#»h7^ 

OKt'2 0 0 0 cm 2 XV s^L2 5 0 0 c m 2 / V 
s, 7 7KT-1 0 0 0 0 cmVv s )fc^Ll 5 0 0 0 

c m 2 /v s <nw,mx-&\i\ CMZtt^X* fflOn 

ih7>^^ll 3 0 0Kt^6 0 0 cm 2 /Vs, 
7 7 KT^ 1 5 0 0 c mVv s <D®W}&&#-f 5 0 « 

^bfc TElectron transport properties of Si/SiGe h 
eterostructure : measurements and device implicatio 
nsj (Appl. Phys. Lett. 63 (5) 2, 
1 9 9 3^8^, pp 6 6 0ft^L6 6 2) b&tZW 

[0 0 3 6 ] &mx>-f ^£r^:tt -5 S i G e if 3 0 CDfffim 

TliM^^G e ^<n^ * */u[cfe^tzJEK<D~MmzM't 
6, ^KSSrt>o±^ffim^*rqpcoiE^liiti S i • 

fttt, 3 0 0KT^6 0 0 cm 2 /Vs^^L1100 
c m z /V s OfiiHT-fc «9 . 7 7 KTi* 2 0 0 0 c m 2 / 
Vs/£i^5 0 0 0 cm 2 /VsOilt^5. r. ft fe 
iDf&Btt, i^4nmT^^ !) 3 ^ 7 0 

3 0%<7)^^(7)^^(7)^ 3 OTWJtLitfcff) 
T*fc£ 6 WS<*ftfc»»Stt* S i • pll»h7 

[0037] I3{i, S32 <DfeM%r<0&nX- <DM^(0 

iS5 6{CioT/T$^T^5o g*S5 8i£, S3 2 
0 13, 13 2^(7)^<7)^;^-^7xyK 
iW#Sm^^Lt^5o ft««6 2tt, 13 
6 2 14, pIS^2 6 £ 5KP&£iVCtt^ 



(e) »*IF- 2 9 9 4 2 2 7 
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g&*rf-£«> i3 2(aoT^^/cnit 

**MZ.¥-?fte3t±7* J r*;i>T-foZ>m4 4 £ri5£ft50£ 
gSC^^lC, l3 24 3 Ot^f^;^-|j: > 14 

[0 0 3 8 ] H 4 (3, 130 OlS^i^KWTOff 

hmj$ 1 e (DTo@ 2 \z.tf Lizmw.iifa<nmM<om$ct 
jo ir/W^7 7t^5 8 H4ri4, mmm\$, &m&<o 

&j^7 0KJ:oT^£ft 

U:^oT, jE*l$:g*£ii:*, S 3 0 *<Z>«tt^#<D 
^(7 [0 0 3 9 J @3fci; Xfm 4 M<£ ft , JE<D h €i£ 

-£\ l3 0T-i£?L^Si|t6o Ifciiot, KW-OS 
^J:Cfy^f^t^T^)l3 0^ 3 2, 3 4, 3 
6, 3 8, 4 0, 4 2, 4 4 

»«t«:iW5. B2**It«^ S3 2*0 
^ m-=f#»*3J:lMi 3 0 +OiE?L»»^^y 3 ^Ji4 4*5 
«fctffl2 4 3&>ib, iTfrbfb, -»{t4r*f SUB 

Z> 0 Si/Si O z #ffi4 7 

T x&mv z £:mz.t>1toX Kit— fe<n-2a-£XlhZ bf 

or, pstffa* h 7^^^fej;^ns«ffa* h 

- =nsM4 4iz£Q * jRSftiaot, ^ 
— hSfeftW, Sfctt«4 4t£5*<**-r5te**» 

(cvd) mm%fcf&-tzz. t&x^Zo ?\s—r- 

5^? M#oH*i: ir#»twt5:^i44^. 
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ttbs i^i3 2t#tl, jE?L#JI3 Ot^SltS 

[0 0 4 0 ] ^is—i- • ^rn^it2 2J4, tM"£-£fc: 
Si/Si G e^XP«it^S^^Tf^tttgCMO 

fft5 u l s I BIf y ^tftffl 1 5 r 3&«t»$ m jo 
fcSOWc, *-ir*yK S3 0*$J; 

[0 0 4 1 ] n Mm#$J IP: h7y^^tp Si« JWb* 
- zc*y*^y (RIE) ^^oTfTP-^^r 

y ;JM4, -^f/^^OFl/^^MOf 

✓<>r*oy-;*k:««s*u wr*o^- h*«snc*« 
Six*:, 1B*tt-r te^»31^-htt, 
NAND, NOR, 7!)jy^'7Piy^j;^i:ftjSt5 

[0 0 4 2] H 5 £r#BR-f5£, CMOS^y/W9 .70 

wHERIBK^Sixrv^. 6*sJ:tri 7 

ix, tU*4r»«tS^^!)-K«7 8^Lt«Sl: 

,^^ntv^c h7>^^i i<^y— *i4, mi£v 

DD^r^-t-Sfc^lcy - K*7 9 £frLT*S'&£ixTt> 
£ 0 h7>^^10^)y^lt «ffi**:ttte^«« 
«r**S*6/tH?>U: , J - K»8 0 ^ir^^tit^ 
5o h7V^^l 0I4, S3 2 ^^^StlfcnM^-t 40 
*/Hfc#L. h7^^^ 1 Hi, S3 Olefin £*x/c 

[0 0 4 3] H6I4, h 7^^ 8 2^r^-f- 

t LT^J&£iXTl^5o ID 7 14, H 6 <7)i^7 - 7 lC?&o 
fcWrffi0T*>5. @7^*5^T!4, H 1*5^^0 2 KM 



♦MF- 2 9 9 4 2 2 7 
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So E17I4, aft^nlft^Wah^^^^ 
Sr»«t5^«ffi4tiS, 1S&^Ji8 9 0$t®1!&;^ 

h 7 8 2 U»/7LT^^I/\ 

[0044] H7I1, S3 2 ^CO^^&A IUoT, 

>-«*9 1 £y-*«#9 2 ^tnnit#M h 
7^^8 2^f 0 *2»#*«2(M4, ^<?>±2&S 
®2 lilCaLe-^^^-y^^^ixfcfgl OSfpS i 
i-,Ge x l3 4Srtt5. ^ClT-, x (4 0 . 2 0^L 
0. f 2(OnK-7 P Sii- x Ge x l3 

6 1*, g3 4ii:xt^dr^t/«^tlTl/^c S3 
6&fl?jS-r5ftm, 8*OKWyS«9 1 *5J;tfy- 
^9 2^plW2 6^ML, S34£^I4 
Sffi2 0£frLT KU>fyf[*9 l)!)^y-^9 2 
*>S^tt*(0«fc, *fe««^*Jx60*r|6<*r:t 
A^#S 0 *3^K-yS i ^0 6x13 8 14, S3 

S, £fcttGe#*z 3&*x ct •? fc/hS*S i i- z G e Z S 
3 2tt, 13(^13 8 ±tC^fc'**^/l^/&£ix, -fc 
ixteJoT, SU^«3 2#5IHe>tti^«rStf\ ^ix 

3 0 OKT-2 0 0 0 c m 2 /V s ftl^L 2 5 0 0 c mV 

12 411 m4(75S 3 2 0>l:*5SffiJ:4 8 j£tfc £ *XT 
^5. y-h««8 3tt, f 5(D|2 4iW*4nt 
l^£ 0 nl«*9 l*$J:tf9 214, @7^L/tck5^ 

13 2t«)y- hffi8 20S«llc*S;$tit^5. S 

4 4ft£flElr^>!/ a>JI*rJI 3 2 t»2 4 0ffflU:^££ 

So 

[004 5] B8tt, S3^1?j^f0 6^i7- 
7Kfc v o;fcjer®liT*>$o H8^*5V^Ttt, Bl, B 
2, «AtfH6^MBKc«ra:^fi«|ft43J:V«ttlcniR 

6 14, y*-h^i9 7t, KU"f ^*ffi9 8 y — * 
I#9 9i:^tt6pl0^or^6o KK>IM19 

8ii, p s t *) 5 k u y «i i o 5 ic««*tt t , y 

-*m@99(4, pltfc5y-^««10 6tf«« 

jtet^o K^y««io5*j:vy^«*io6 

14, l4 4«r^ttl3 0^ffiV5. K W 1 
o 5*5j:t/y— o 6tt, y-Mc||?iJU Y^- 

v^^96!4, ft-twHOOCfcl^y-^I^lO 

[0 0 4 6] ttJUttK h ^ 9 614, l 

0 Z^TL-hfV—f • ^foMl 0 2TJ#J#S*XT 
^<5o *JHMfch?>$?**9 6tt, *»#*tR2 0 

t. I^2 0il:xtf^ar^;U^^fcf lOiffl 



(8) 
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